1. Introduction {#sec1}
===============

Cancer is one of the health problems caused by pesticide exposure. Investigators from Agricultural Health Study (AHS) found association between prostate cancer and chlorpyrifos ([@bib32]), lung cancer and diazinon, chlorpyrifos, pendimethalin, metolachlor ([@bib2]), dieldrin, parathion, and ethyl chlorimuron ([@bib9]), along with leukemia and S-ethyl-N,N-dipropylthioarbamate ([@bib61]). Other pesticides were also related to non-Hodgkin lymphoma (NHL), including hexachlorocyclohexane, chlordane, hexachlorobenzene, dichlorodiphenyldichloroethylene (DDE) ([@bib38]), phenoxy acid, and glyphosate ([@bib19]).

Genotoxic effects of pesticide exposure were associated with enzymes which metabolize pesticides, i.e. PON1 Q192R ([@bib54]) and GSTM1 ([@bib53]). Pesticides are mainly metabolized by various P450 cytochrome enzymes. However, other enzymes also have some roles in their metabolism, including paraoxonase (PON) and glutathione S-transferases (GSTs). PON1 gene in human shows polymorphism in 2 coding regions (Q192R and L55M), promoter region, and 3′-UTR region ([@bib24]). Polymorphism also has been found in the GSTM1 gene ([@bib53]). Genetic variation in GSTs, GSTM1 null genotype, may diminish enzyme activity. Alteration in enzyme activity leads to the risk of cancer development.

Cancer occurs due to uncontrolled cellular proliferation. One of two specific classes of genes that is important as regulatory genes is tumor suppressor genes (TSGs). Tumor suppressor genes protect the integrity of the genome by inhibiting the cell cycle when substantial errors or mutations have occurred and are usually downregulated or inactivated in cancer cells ([@bib60]). In cancer, TSGs are methylated. Gene promoter hypermethylation in CpG islands area suppresses gene expression causes gene silencing and initiates tumor development ([@bib31]). One of the most frequent and earliest TSG which epigenetically loses tumor suppressor function is p16. Silencing of the p16 gene is found in the pre-invasive stadium of breast cancer, colon cancer, lung cancer, and many others ([@bib27]).

DNA methylation is one of the most important epigenetic events in the mammalian genome. DNA methylation is a chemical modification that adds a methyl (CH3) group at the carbon 5 position of the cytosine ring of CpG dinucleotide ([@bib14]; [@bib31]). This reaction is catalyzed by the DNA methyltransferase enzymes (DNMTs) that transfer the S-adenosyl-L-methionine (AdoMet) as methyl donor forming 5-methylcytosine (5-mC). DNA methylation does not alter the DNA sequence, thus it does not alter information coded by the DNA, but it has a role in modulating gene expression. In the human genome, CpGs dinucleotides are not randomly distributed but are located in CpG islands. CpG islands are generally located in the gene promoter and become the targets of methylation in cancers ([@bib42]).

DNA methylation of specific genes is useful as a cancer biomarker, for example, to identify individuals at increased risk of developing cancer or for the screening of asymptomatic individuals, thus facilitating early diagnosis of cancer. DNA methylation is relatively stable compared to other biomarkers and the materials for examination are easy to derive so that DNA methylation is suggested as cancer biomarker ([@bib40]).

Therefore, we conducted a cross-sectional study in a subdistrict with the vast agricultural area at Magelang Regency, Central Java, to examine the genetic effect of pesticides in farmers and to find out whether polymorphism of PON1 Q192R and variation of GSTM1 correlated with methylation of p16 gene promoter.

2. Materials and methods {#sec2}
========================

2.1. Study population and sampling {#sec2.1}
----------------------------------

This cross-sectional study was done during the year 2018. The study was conducted after it had been approved by the ethical committee of Faculty of Medicine, Public Health, and Nursing Universitas Gadjah Mada Yogyakarta, Indonesia (document number is KE/FK/0424/EC/2018). The DNA samples and interview data were from farmers aged more than 18 years old, both man and woman. Those who used pesticides less than 3 months were excluded.

2.2. Pesticide exposure data {#sec2.2}
----------------------------

Pesticide exposure data was obtained from an interview based on a questionnaire prepared before the interview. The questionnaire includes details about the subject\'s demographic factors, pesticide exposure, and medical history. The questionnaire also includes types of pesticides used, use of personal protective equipment, pesticide application methods, pesticide mixing status, equipment repair status, time/period of pesticide application, frequency of pesticide application per week, duration of pesticide application, last pesticide spraying, dosage of pesticide used, pesticide spraying direction, and washing hands and taking bath after spraying pesticide. All participants who completed the interview were physically examined.

2.3. Data processing {#sec2.3}
--------------------

Data from the interview was used to estimate the exposure intensity using an algorithm arranged by [@bib16].

MIX --- mixing status.

APPLY --- application method.

REPAIR --- repair status.

PPE --- personal protective equipment use.

2.4. Sample collection {#sec2.4}
----------------------

Blood sample (5 mL) was collected from each subject. The samples were transferred into EDTA vacutainers for DNA extraction. All samples were coded and brought to the laboratory under cold conditions, and stored in -20 °C before use.

2.5. DNA extraction {#sec2.5}
-------------------

The DNA was extracted from whole blood using FavorPrep Genomic DNA Mini Kit (Favorgen Biotech Corp., Ping-Tung, Taiwan) according to the manufacturer\'s protocol. Concentration and purity DNA were measured by NanoDrop spectrophotometer. The extracted DNA was stored at -20 °C until further analysis.

2.6. Polymorphism of PON1 Q192R {#sec2.6}
-------------------------------

Polymorphism of PON1 Q192R was determined using PCR-RFLP. The PCR amplification was carried out with 12.5 μL GoTaq® Green Master Mix (Promega Corp., Madison, U.S.A.), 1 μL 20 mM forward primer, 1 μL 20 mM reverse primer, 10 ng of genomic DNA, and volume adjusted with nuclease-free water, in a total volume of 25 μL. The amplification followed cycling parameters: 95 °C for 6 min; 35 cycles of 95 °C for 1 min, specific annealing temperature ([Table 1](#tbl1){ref-type="table"}) for 1 min, 72 °C for 45 s, and a final extension at 72 °C for 4 min. PCR products were digested with aLW1 and incubated at 37 °C for 15 min. The digestion result showed 175 and 63 bp fragments for Arg/Arg mutant allele, in an undigested 238 bp fragment for Gln/Gln allele, and all 238, 175, and 63 fragments for Gln/Arg heterozygous allele.Table 1Specific primer pairs used for PCR analysis and P16 gene promoter methylation detection.Table 1PrimerForwardReverseAnnealing temperatureAmplicon (bp)PON1 Q192RTATTGTTGCTGTGGGACCTGAGCCTGAGAATCTGAGTAAATCCACT60 °C238GSTM1GAACTCCCTGAAAAGCTAAAGCGTTGGGCTCAAATATACGGTGG60 °C219β-globinCAACTTCATCCACGTTCACCGAAGAGCCAAGGACAGGTAC60 °Cp16-MTTATTAGAGGGTGGGGCGGATCGCGACCCCGAACCGCGACCGTAA67 °C150p16-UTTATTAGACGGTGGGGTGGATTGTCAACCCCAAACCACAACCATAA62 °C151p16-WCAGAGGGTGGGGCGGACCGCCGGGCCGCGGCCGTGG67 °C140

2.7. Variation of GSTM1 {#sec2.7}
-----------------------

Variation of GSTM1 was examined using Polymerase Chain Reaction (PCR) with the β-globin gene as an internal control. The PCR condition was initial denaturation at of 94 °C for 5 min which was followed by 35 cycles consisting of denaturation at 94 °C for 1 min, annealing for 1 min, and extension at 72 °C for 1 min followed by a final extension at 72 °C for 5 min. Positive genotype resulted in 219 bp fragment.

2.8. Methylation status of p16 gene promoter {#sec2.8}
--------------------------------------------

### 2.8.1. Bisulfite modification {#sec2.8.1}

Methylation status of the p16 gene promoter was determined by methylation-specific PCR (MSP). 100 nanogram genomic DNA extracted from whole blood was modified using DNA Methylation-GoldTM Kit (Zymo Research Corp., California, U.S.A.) according to the manufacturer\'s protocol. Final elution was performed with 10 μL M-Elution Buffer.

### 2.8.2. Polymerase chain reaction (PCR) {#sec2.8.2}

Methylation-specific PCR was conducted to detect methylation of P16 gene promoter. Three pairs of primers, described by [@bib25] were used ([Table 1](#tbl1){ref-type="table"}). Primer set used were methylated (M), un-methylated (U) and wild type (W). The W primer is used as control for bisulfite modification. All PCR was performed in a total volume of 25 μL with 2 μL of bisulfite-modified DNA, 1 μL 20 mM forward primer, 1 μL 20 mM reverse primer, 8.5 μL dH2O, and 12.5 μL Go Taq Green master mix, with the following cycling parameters: 95 °C for 5 min; 35 cycles of 94 °C for 45 s, specific annealing temperature ([Table 1](#tbl1){ref-type="table"}) for 45 s, 72 °C for 45 s, and a final extension at 72 °C for 7 min. M.SssI modified DNA was used as a positive control and DNA from a healthy donor was used as the negative control. Water (H~2~O) was used as PCR control. The PCR products were visualized by electrophoresis using an agarose gel.

2.9. Statistical analysis {#sec2.9}
-------------------------

Results are presented as a percentage with median, maximum, and minimum values for non-normally distributed data. The data of baseline characteristic was classified, then its correlation with methylation of the p16 gene promoter was analyzed using Chi-square. The statistical analysis of differences in pesticide exposures was carried out using Chi-square. However, analysis of differences in exposure intensity score was carried out using Mann-Whitney nonparametric analysis because the data was not normally distributed. Meanwhile, the analysis of differences in personal protective equipment use was carried out using logistic regression. Chi-square was also used to identify the correlation between the variation of GSTM1 and methylation of p16 gene promoter, while the correlation between polymorphism of PON1 Q192R and methylation of p16 gene promoter was performed using logistic regression. The p-value was set as significance at \<0.05.

3. Results {#sec3}
==========

As many as 78 pesticide-exposed farmers participated in this study. The demographic data are shown in [Table 2](#tbl2){ref-type="table"}. Most of the studied subject was ≤55 years old, male, body mass index \<25, and smokers. The frequency of methylation status of the p16 gene promoter does not significantly differ according to age, gender, body mass index, and smoking status (p \> 0.05).Table 2Baseline characteristic of the study group.Table 2Variablen (%)P16 gene promoter Methylation specific PCRp(+)(-)Age (years)0.278[b](#tbl2fnb){ref-type="table-fn"} ≤5561 (78.2)1546 \>5517 (21.8)611Sex0.418[a](#tbl2fna){ref-type="table-fn"} Male58 (74.4)1741 Female20 (25.6)416Body mass index0.208[a](#tbl2fna){ref-type="table-fn"} \<2559 (79.6)1841 ≥2519 (2.4)36Smoking0.937[a](#tbl2fna){ref-type="table-fn"} Yes44 (56.4)1232 No34 (43.6)925[^1][^2]

Pesticide exposure is shown in [Table 3](#tbl3){ref-type="table"}. Most of the subjects were exposed for more than 5 years, \>1 time per week, and less than 5 h duration of pesticide spraying. Most of the subjects used appropriate dose based on label instruction, observed wind direction while using pesticide, wore personal protective equipment, did hand wash and bath after spraying, and threw pesticide waste at the river, yard, or trash bin. Exposure intensity score on farmers exposed to the pesticide was quite high, with a median score of 9.5 (minimum score was 9.5 and the maximum score was 19.0). All variables on pesticide exposure had p values \> 0.05 which meant an insignificant correlation to the methylation status of p16 gene promoter.Table 3Pesticide exposure of the study group.Table 3Variablen (%)P16 gene promoter Methylation specific PCRp(+)(-)Time/period (years)0.372[b](#tbl3fnb){ref-type="table-fn"} \<515 (19.2)510 \>563 (80.8)1647Frequency per week (times)0.508[b](#tbl3fnb){ref-type="table-fn"} \<117 (21.8)512 \>161 (78.2)1645Duration (hours)0.307[b](#tbl3fnb){ref-type="table-fn"} \<570 (89.7)2050 \>58 (10.3)17Last spraying (days ago)0.883[a](#tbl3fna){ref-type="table-fn"} \<1453 (67.9)1439 \>1425 (32.1)718Dosage Appropriate58 (74.4)16420.822[c](#tbl3fnc){ref-type="table-fn"} Overdose3 (3.8)120.799[c](#tbl3fnc){ref-type="table-fn"} Underdose17 (21.8)413Observing wind direction1.000[a](#tbl3fna){ref-type="table-fn"} Yes52 (66.7)1438 No26 (33.3)719Personal protective equipment use0.426[a](#tbl3fna){ref-type="table-fn"} Always42 (53.8)1131 Sometimes19 (24.4)712 Never17 (21.8)314Washing hands after spraying0.469[b](#tbl3fnb){ref-type="table-fn"} Yes76 (97.4)2056 No2 (2.6)11Bathing after spraying0.456[b](#tbl3fnb){ref-type="table-fn"} Yes69 (88.5)1851 No9 (11.5)36Changing clothes0.054[b](#tbl3fnb){ref-type="table-fn"} Yes69 (88.5)1653 No9 (11.5)54Pesticide dump1.000[a](#tbl3fna){ref-type="table-fn"} Buried/burned26 (33.3)719 At river/yard/trash bin52 (66.7)1438Exposure intensity score9.5 (9.5--19.0)[e](#tbl3fne){ref-type="table-fn"}21570.644[d](#tbl3fnd){ref-type="table-fn"}[^3][^4][^5][^6][^7]

The type of pesticides used by the subjects is shown in [Table 4](#tbl4){ref-type="table"}. The most common types of pesticide used, that could be defined, were pyrethroids and organophosphates. Unfortunately, most of the subjects were unsure of the type of pesticides they used, they stated unappropriate brand names or even called it as a poison instead. We could not assess the correlation between the type of pesticides and methylation of the p16 gene promoter since the subjects might use more than one type of pesticide.Table 4Type of pesticides used by the subjects.Table 4Type of pesticidesn (%)Pyrethroids38 (48.7)Organophosphates16 (20.5)Carbamates14 (17.9)Macrocyclic lactones7 (9.0)Neonicotinoids6 (7.7)Others50 (64.1)Not know7 (9.0)

The result of polymorphism of PON1 Q192R examination is shown in [Figure 1](#fig1){ref-type="fig"}. Most of the participant had R allele that Q or wild type allele. The distribution of PON1 Q192R was found to agree with Hardy-Weinberg equilibrium.Figure 1The PON1 Q192R. 175 and 63 bp showed mutant allele (RR), undigested 238 bp showed wild type allele (QQ), and all 238, 175, and 63 bp showed heterozygous allele (QR). Please see supplementary file for the corresponding original image.Figure 1

The GSTM1 null genotype examination is shown in [Figure 2](#fig2){ref-type="fig"}. As many as 82.1% of the participants had GSTM1 null genotype.Figure 2The GSTM1, 219 bp showed positive genotype. Please see supplementary file for the corresponding original image.Figure 2

The frequency of p16 gene promoter methylation status based on MSP examination was 21 (26.9%) positive and 57 (73.1%) negative. The representative result is showed in [Figure 3](#fig3){ref-type="fig"}.Figure 3Methylation status of p16 gen promoter. U lane shows un-methylation (151 bp). M lane shows methylation (150 bp). W lane is bisulfate modification control (141 bp). Positive control is a M.Sssi treated DNA. Negative control is an unmodified DNA control. Water (H~2~O) is a control for PCR. Please see supplementary file for the corresponding original image.Figure 3

The genotype frequencies of PON1 Q192R and GSTM1 and its relation with methylation of the p16 gene promoter are shown in [Table 5](#tbl5){ref-type="table"}.Table 5Genetic variation of the study group.Table 5Variablen (%)P16 gene promoter Methylation specific PCRp(+)(-)Polymorphism of PON1 Q192R QQ4 (5.1)22 QR34 (43.6)10240.663[b](#tbl5fnb){ref-type="table-fn"} RR40 (51.3)9310.366[b](#tbl5fnb){ref-type="table-fn"}GSTM 10.557[a](#tbl5fna){ref-type="table-fn"} Positive14 (17.9)410 Null64 (82.1)1747[^8][^9]

4. Discussion {#sec4}
=============

Individuals with impaired activity of metabolizing enzymes may have an altered ability to metabolize pesticides. Studies related to genetic polymorphisms of metabolizing enzymes genes and their influence on DNA methylation in workers exposed to pesticides are rare in Indonesia. We described the association of PON1 Q192R and GSTM1 genetic polymorphisms on methylation of p16 gene promoter in farmers occupationally exposed to pesticides in Central Java, Indonesia.

The frequency of methylation of p16 gene promoter in farmers exposed to pesticides was 26.2%. This result is higher compared to the frequency of methylation of p16 gene promoter in polycyclic aromatic hydrocarbons (PAH)-exposed workers (5.71%) ([@bib63]) and in radon-exposed miner (up to 20%) ([@bib57]). However, some studies exhibited a higher frequency of p16 gene promoter methylation on arsenic exposure, which reported as high as 32.0% ([@bib5]) and 47.5% ([@bib37]). It is alarming since methylation has been proven to be related to various kinds of cancer.

Interestingly, we found that the methylation of the p16 gene promoter did not correlate with age, sex, BMI, and smoking status. However, the functional correlation of epigenetic modification and aging has not been described clearly ([@bib21]). Studies of the correlation of methylation status and sex also have not been concluded yet ([@bib35]; [@bib18]). Studies on BMI relation with methylation of p16 promoter status showed a positive correlation between them ([@bib20]; [@bib46]; [@bib62]). Smoking is also well known to be associated with the increase of DNA methylation. A meta-analysis found that smoking is correlated with methylation of p16 gene promoter ([@bib65]). Tobacco smoke contains numerous chemicals that may change the DNA methylation machinery. Tobacco smoke is also known as a source of ROS production, and ROS can lead to change the activity of DNA methyltransferase enzyme, hence changes methylation pattern on a certain gene ([@bib15]). Our result is different from the previous study result. We suggest that the type of sample used in the study might cause the difference. Another study was using lung sample meanwhile our study using a blood sample. The different result may also due to the different exposures and methods used. Moreover, we also found that pesticides spraying period, frequency, duration, dosage, last spraying, and spraying direction were not related to methylation of p16 gene promoter. Personal protective equipment use and subjects\' hygiene, like washing hands and bathing after spraying and dumping pesticide remnant incorrectly were not related to methylation of p16 gene promoter also. We suggest that it is influenced by the calculation of the exposure intensity score. Exposure intensity score was calculated using simple Dosemeci algorithm. After obtaining the exposure intensity score, cumulative exposure supposed to be calculated. Cumulative exposure was calculated using two kinds of lifetime pesticide exposure ([@bib32]; [@bib2]). The first was lifetime exposure days which was calculated based on [@bib16] algorithm by multiplication between the mean number of days in an average year and years of use. Another is intensity-weighted exposure-days which was calculated by multiplication between lifetime exposure days and exposure intensity score. However, cumulative exposure could not be calculated due to the limitation of the data. Subjects hardly remembered the exact time of pesticide use, and only conveyed the estimated time. Consequently, the cumulative exposure was not calculated and the real exposure was less described. Moreover, the dosage of pesticides was difficult to be determined since subjects measured the dosage of pesticides by inappropriate methods of measurement, such as using a bottle cap or spoon.

Another factor complicates the calculation of exposure was the type of pesticide used by subjects. The most commonly used type of pesticides were pyrethroids, organophosphate, carbamate, macrocyclic lactone, and neonicotinoids. Organophosphate ([@bib8]; [@bib39]; [@bib3]; [@bib1]) and carbamate ([@bib32]; [@bib4]) were proved to be cancer-related. Meanwhile, pyrethroids were not proved to be cancer-related ([@bib32]; [@bib3]; [@bib49]). Macrocyclic lactone ([@bib6]) and nicotinoids ([@bib11]) also have not been proved to be cancer-related yet. More than half of the subjects used more than one pesticide. The subjects might use more than two kinds of pesticides, and the type of pesticide used depends on the type of plants they grew and also the climate. The subjects hardly remember the exact duration of the use of specific pesticide, hence the specific cumulative exposure was obscure.

We also aimed to determine the relation of methylation of the p16 gene promoter with the variation of PON1 Q192R and GSTM1. However, we also did not found any correlation between them. Paraoxonase 1 (PON1) enzyme plays an important role in hydrolyzing several organophosphorus (OP) compounds including insecticides and nerve agents ([@bib47]). The name of PON1 is derived from its ability to hydrolyze paraoxon, its first and most studied substrate. PON1 also hydrolyzes the active metabolites of other OP insecticides (e.g. chlorpyrifos oxon, diazoxon). Some other OP and carbamate insecticides are not hydrolyzed by PON1 ([@bib17]). PON1 genetic variation is one of the factors played a role in xenobiotics metabolizing system in farmer ([@bib28]). A glutamine (Q)/arginine (R) substitution at position 192 results in allozymes that affect the hydrolytic efficiency of the enzyme towards different substrates. Certain OPs are metabolized more efficiently by one of the two different PON1 alloforms. For example, PON1 192RR isoform hydrolyzes paraoxon more rapidly than PON1 192QQ isoform and inversely, the PON1 192QQ isoform hydrolyzes diazoxon more rapidly than the PON1 192RR ([@bib36]). The presence of the R allele correlates to a gene-dependent increase in PON1 activity, suggesting a biosensor effect during anticholinesterase agent exposure that may upregulate PON1 activity ([@bib56]). Studies in animal models emerged that PON1 modulates the toxicity of OPs. Rats with increasing plasma PON1 levels would protect against OP toxicity, as indicated by a lower degree of brain and diaphragm acetylcholinesterase (AChE) inhibition, particularly in case of chlorpyrifos oxon ([@bib12]).

Our study found that \>90% of the subject had R allele which means that our subjects are more protected towards OPs toxicity. Thus far, the study on the distribution of polymorphism of PON1 Q192R in Indonesia is rare, though there are a great number of studies in other different populations around the world. [@bib66] examined polymorphisms of PON1 Q192R in northern Han Chinese workers exposed to OP pesticides and found a similar result which was 15.6%, 40.0%, and 44.4% for QQ, QR, and RR, respectively. While [@bib58] found distinct proportion, QQ, QR and RR genotype frequencies were 53.7%, 35.2%, and 11.1% in the OP-exposed Turkish population, respectively.

We have not found other study which assesses if polymorphism of PON1 Q192R associates to methylation of p16 gene promoter. Nonetheless, many reports about polymorphism of PON1 Q192R and several genetic damages were established. A study by [@bib13] which evaluated genetic damage in a Brazilian population occupationally exposed to pesticides and its correlation with polymorphisms in metabolizing genes, observed some effects of genetic polymorphisms in PON in the modulation of micronucleus (MN) results. Whereas, [@bib53], [@bib54] asserted that workers with PON1192Q/Q genotype had significantly higher DNA damage as compared with other genotypes (p \< 0.001). They observed the inverse correlation between DNA tail moment and PON activity, where the DNA tail moment was lower with increased PON activity and higher with decreased PON activity. In our study, OP was not the most commonly used pesticide. It was the second most commonly used pesticide, with pyrethroids as the most commonly used pesticide among our study subjects. Moreover, PON1 gene variation is not the only factors affecting the DNA methylation in farmer exposed to pesticide. Other study showed that nutritional intake and variation of the gene related to folate metabolism also known to influence methylation in farmer exposed to pesticide ([@bib29]). We suggest that those factors might lead to an insignificant correlation between polymorphism of PON1 Q192R and methylation of p16 gene promoter in this study.

Glutathione S-transferases (GSTs) are major phase II detoxification enzymes that act in catalyzing the conjugation of electrophilic substrates to glutathione (GSH) ([@bib51]). The GSTs play a central role in the detoxification of pesticides. GST isoenzymes are associated with several types of cancer ([@bib59]). Polymorphisms in these genes may alter their expression and functional activities and might be involved in the inactivation of procarcinogens that contribute to the progression of cancers ([@bib22]).

In our study, the GSTM1 null genotype was found on 82.1% of the study subjects. Some meta-analyses have shown significant association between the null genotypes of GSTM1 and the increased risk of various types of cancer, including prostate ([@bib22]; [@bib41]; [@bib44]), bladder ([@bib64]), esophageal ([@bib67]), and colorectal ([@bib34]) cancers. The GSTM1 gene deletions result in complete deletion of the genes and lack of enzyme activity ([@bib53], [@bib54]). The GSTM1 null deletion was found to be significantly associated with DNA damage in individuals exposed to pesticides ([@bib53], [@bib54], [@bib55]; [@bib59]). Yet, we found no significance between the GSTM1 null deletion and methylation of the p16 gene promoter. Our result is in contrast with the findings of [@bib50] who stated that genetic polymorphism of GSTM1 was significantly associated (p \< 0.05) with the degree of methylation in p16 gene promoter region on higher arsenic-exposed people in the southern region of West Bengal, India. The subjects having GSTM1 null genotype have significantly decreased urinary arsenic and increased DNA methylation level relative to those with GSTM1 positive genotype of the same arsenic exposure group.

Individuals with the GSTM1 gene deletion are incapable to detoxify certain carcinogens through the glutathione-conjugation pathway ([@bib48]). [@bib43] asserted that OP pesticides induce oxidative stress and DNA damage in farmworkers by depleting intracellular GSH and increasing ROS production. The GSH has antioxidative properties, which prevents the cell from oxidative injury. The exposure of the mixture of pesticides was found to produce depleted GSH levels which indicate the generation of ROS and to counteract ROS effects, more GSH consumed by related enzymes, like glutathione peroxidase ([@bib52]).

The limitation of this study is the use of DNA extracted from the blood for DNA methylation examination. The blood cell lifespan in the circulatory system is ranging from hours (granulocytes) to months (lymphocytes) ([@bib23]). Besides, the half-life of pesticide and its metabolites is ranging from hours to days in the plasma. However, they will also be released from tissue deposit when the concentration in the plasma is low that causes their long-lasting presence in the plasma ([@bib10] [@bib26]). In our study, most of the study subjects had their last pesticide spraying in less than 14 days before the blood sample collection. Therefore, we assumed that some of the blood cells collected in this study were exposed to pesticides within 14 days before blood collection. Moreover, DNA methylation due to pesticide exposure is not only due to direct effect of pesticide exposure but also indirect effect of pesticide exposure. There are several mechanisms of DNA methylation, one of the mechanism is oxidative stress mechanism. Long term pesticide exposure is associated with reduced antioxidant enzymes ([@bib45]). Moreover, pesticide metabolites also positively correlated with oxidative stress biomarker concentration ([@bib33]). Several studies have shown that pesticide chronic exposure is correlated with oxidative stress and DNA methylation ([@bib7]; [@bib30]).

5. Conclusions {#sec5}
==============

The frequency of p16 gene promoter methylation in Javanese farmers exposed to pesticides at Magelang Regency, Central Java, Indonesia is more than one fourth. More than three-quarters of them have GSTM1 null genotype and more than 90% of them have PON1 R allele. However, our study showed that PON1 Q192R polymorphism and GSTM1 genotype variation are not associated with methylation of the p16 gene promoter. Further research should be done to reveal the factors affecting the methylation of p16 gene promoter in people exposed with pesticide i.e nutritional intake pattern, the behavior-related pesticide used, types of pesticide used, etc. Revealing the protective factors against the deleterious effect of pesticide to person will be helpful to prevent the effects of pesticides on health.
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